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Abstract 
This study developed three-phase learning cycle-based instructional unit for promoting secondary students’ integrated science 
process skills or known as experimental skills. Alive Siamese fighting fish (Betta splendens), a native species in south-east Asia, 
was used as a model in the unit.  Pretest-posttest control group design was adopted for this study with two classrooms in a Thai 
highschool. Control group was taught by traditional lecture supplemented with readings on aggressive behavior of fighting fish 
and other animals while experimental group was experienced with an intervention with the same period of time (three hours), and 
with the same contents and the same learning objectives as control group.  Experimental skills test, students’ group poster, 
questionnaire, semi-structured interview, and classroom observation were used to gather data.  The results revealed that students 
experiencing an intervention gained better both aggressive behavior understanding and experimental skills than the tradition.   
Keywords: Aggressive behavior, Siamese fighting fish, learning cycle approach, integrated science process skills, 
experimental skill  
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1. Introduction  
Learning science is not only learn how much to remember science content but also learn to master the science 
process skills and to apply them in scientific investigation.  Even there are some research work using Siamese 
fighting fish (Betta splendens), a well-known south-east Asia aquatic that can be used to arouse student interest,  to 
help promote concept of aggressive behavior in science laboratory (Monvises, Ruenwongsa, Panijpan & 
Sriwattanarothai, 2010; Yasukawa, 2007) but there are less report for promoting the experimental skills by using 
appropriate teaching approach.  Thai secondary students in science laboratory still face with laboratory exercise rely 
mainly on transmission of information from lecture to a cookbook laboratory experiment (Sriwattanarothai, Jittam, 
Ruenwongsa & Panijpan, 2009).  These could not support students to develop science process skills needed in 
scientific investigation which known as experimental skills.   
Many researchers claimed that the inquiry process was necessary for teacher to teach students to construct new 
explanations concerning natural objects and events (Pak, Jan & Kim, 2009; Windschitl, 2004). From the process of 
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scientific inquiry students could check on their understanding in science phenomena or theory of science by 
themselves and also improving their experimental skills (Pak, Jan & Kim, 2009) or integrated science process skills.  
These skills include observing, classifying, and inferring; conducting inquiries; formulating and evaluating 
hypotheses; identifying and controlling variables; designing experiments; interpreting and comparing results; and 
inferring conclusions (Ting & Phon-Amnuaisuk, 2010; Trowbridge & Bybee, 1990).  Therefore this study aimed at 
development of a three-phase learning cycle-based unit on animal behavior by using Siamese fighting fish 
observation lab as a model to promote experimental skills in biology laboratory. 
To frame this study, two research questions were also determined.  The first question is “Can the learning unit 
promote students’ experimental skills in biology laboratory?’ and the others is “What are the students’ perceptions 
toward the learning unit?”. 
2. Research methodology 
2.1. Participants 
The participants were 73 grade eleven students, aged 15-17 years, from two classes in a public school in Central 
Thailand.  The one classroom of 36 students (6 boys, 30 girls) was used as an experimental group and another class 
of 37 students (6 boys, 31 girls) was employed as the control group.  Both groups were taught for 3 hours with the 
same contents and learning objectives.  The control received the traditional lecture and supplementary readings on 
aggressive behavior of fighting fish and other animals. The experimental group was given hands-on activity on 
aggressive behavior of Siamese fighting fish unit.  During implementation, students in the experimental group were 
divided into groups of 4-5.  
2.2. A developed learning unit implementation 
The learning unit on aggressive behavior of Siamese fighting fish focused on the students’ knowledge and their 
experimental skills.  Lawson’s (1989) learning cycle approach was used as the framework for the learning unit.  
Teacher’s role in this unit acted as a facilitator.  The research study comprised three phases; the exploration phase, 
the concept introduction phase and the concept application phase. 
First phase called exploration phase, students were engaged and introduced to aggressive behavior by video of 
aggressive/non aggressive display of Siamese fighting fish.  The students recorded their observation in the given 
worksheet and discussed to class.  Each group of students designed their own experiment to find out the aggressive 
behavior and level of aggressive display of Siamese fighting fish.  They selected the fighting fish as of their own 
choice from those provided by teacher.  Students conducted their own experiment on aggressive behavior of 
Siamese fighting fish.  Each group of students then shared and discussed their findings to class.  Each group of 
students wrote a report (poster) and presented to class. 
In the second phase on concept introduction, students were encouraged to construct the concept of aggressive 
behavior from the data gathering in the exploration phase.  Students were encouraged to discuss between groups on 
the level of Siamese fighting fish aggressive display showing in the experiment.  The comparison between their 
findings and given information on level of aggressive display from the teacher was discussed.  At the end, teacher 
asked questions relating to students’ observation and aggressive behavior concepts.   
The last phase were concept application, each group of students applied the concept of aggressive behavior of 
the fighting fish to other animals of their own choices. 
2.3. Research instruments 
All participants from two groups were assessed for experimental skills, and students’ perception.  This study 
adopted triangulation method (Mathison, 1988) for redeeming research quality.  The assessment tools are 
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experimental skills test, students’ group poster, questionnaire on perception of the learning unit, semi-structured 
interview, and classroom observation.  Details for each tool are as followed; 
 
2.3.1. Experimental skills test 
The experimental skills test is an open-ended question that was adapted from Dirks and Cunningham (2006) with 
Cronbach’s alpha of 0.75 (reliability value).  The test focuses on basic principles of experimental skills consist of 
four criteria; (1) asking questions and setting hypotheses; (2) identifying and controlling variables; (3) designing 
experiments; and (4) planning data collection. The overall scores were 20 points with the maximum of four points 
each criterion.  
2.3.2. Students’ group poster presentation 
After experienced with exploration phase, students were asked to prepare their poster and present to the class by 
using carousel technique.  The scores for this presentation are from four criteria; (1) results and discussion from 
experiment; (2) knowledge on aggressive behavior; (3) poster organization and representation; and (4) Q&A about 
aggressive behavior.   
2.3.3. Questionnaire on perception of the learning unit 
The ten-item questionnaire consists of four criteria; (1) perception on learning approach; (2) perception on 
learning activities; (3) perception on the science process skills; and (4) perception on the cooperative work was 
developed and administered to students after completing the intervention (Cronbach’s alpha = 0.80).  Each item 
consisted of five responses on the Likert scales: strongly agree (5), agree (4), undecided (3), disagree (2), and 
strongly disagree (1).  
2.3.4. Semi-structured interview 
The five-minute semi-structured interviews were carried out with five students of the experimental group and 
another five from control group after completing the learning process.  The interview questions focused on 
perception of the learning unit in both traditional and newly developed learning.  The interviewing data were audio 
taped and fully transcribed. 
2.3.5. Classroom observation 
Classroom observation was used as a supplementary tool to reflex students’ behavior in the class.  Both of a 
video-camera and an audio-recorder were used to record conservations between student-students during activity. 
2.4. Data analyses 
The quantitative data from experimental skills test, students’ group poster, and questionnaire on perception of the 
learning unit were analyzed by using the SPSS program for Window version 12.0 by reported means and standard 
deviations and the differences in mean values were used a t-test for determining significance.  While the qualitative 
analysis approach was employed to transcribe and analyze data gathered from semi-structured interview and 
classroom observation.  
3. Results  
In order to determine the effectiveness of the learning unit, results from experimental skills test, students’ group 
poster, questionnaire on perception of the learning unit, semi-structured interview, and classroom observation were 
evaluated. The results are shown here; 
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3.1. Results on experimental skills  
A comparison between pretest and posttest scores on experimental skills test of control and experimental group 
is shown in Table 1. 
Table 1. Comparison the mean scores of pretest and posttest on experimental skill between control and experimental group 
 
Item 
Control group Experimental group 
Mean+ SD t 
 
Mean+ SD t 
 Pretest Posttest Pretest Posttest 
1. Pose question and hypothesis  
    (4 points) 
1.33+ 1.27 1.11+ 1.41 0.97 1.05+ 1.15 2.76+ 1.64 -4.83** 
2. Identify variables (4 points) 1.83+ 1.34 1.50+ 1.06 1.83 1.76+ 0.96 3.00+ 1.33 -4.66** 
3. Design experiment (4 points) 3.11+ 1.35 2.58+ 1.00 2.36 2.35+ 0.95 4.81+ 1.54 -8.29** 
4. Collect data (4 points) 2.31+ 0.89 1.78+ 0.68 2.86 1.08+ 0.56 3.65+ 1.40 -9.23** 
Total 8.58+3.92 6.97+ 3.11 2.66 6.24+ 2.78 14.22+ 5.01 -8.11** 
** Significant difference (p<0.05) 
 
The result here is showing that there is no significant difference in the mean scores of pretest between control 
and experimental group which means there is no significance difference of pre-experimental skills between students 
in control and experimental group in this study.  There is also no significant different between pretest and posttest in 
control group.  However posttest scores of experimental group are all significantly higher than pretest score.  We 
can conclude that students in experimental group improve their experimental skills after an intervention.   
In addition students’ gained experimental skills and gained understanding of experimental group were shown in 
students’ discussion and group poster presentation.  The overall average scores from eight groups ranged from 4.00 
to 4.31 which categorized in high level of achievement.  The highest score was in knowledge on aggressive behavior 
while the lowest score was in Q&A session.        
3.2. Results on perception 
Results from questionnaire on perception of the learning unit, classroom observation, and semi-structured 
interview supported that students have positive attitude toward a developed learning unit.  Mean scores from 
questionnaire ranged from 3.91-4.24 with the highest criteria of cooperative work while the others are nearly the 
same.  The results from semi-structured interviews of the five volunteers’ students in experimental group also 
supported the summary.  Most students satisfied to use a hands-on activity to enhance experimental skills.  Excerpts 
from the students are as follows: 
“From this experiment I think understand more about animal aggressive behavior.” 
“I learned and construct of knowledge by doing experiments myself.” 
“In my previous learning, teacher usually showed power point presentation and read from 
text book. In doing experiment I study in the real situation and gain the laboratory skill.” 
4. Discussion and conclusion 
The new learning unit on animal behavior, in which a Siamese fighting fish was used as a model, was developed 
based on three-phase learning cycle theory.  In this newly developed learning unit, a hands-on activity was used to 
enable the students to construct knowledge and experimental skills within laboratory session.  Finding from 
experimental skills test found that students in experimental group showed a significantly higher posttest scores when 
compared to those of the control group.  This is because the students in experimental group had opportunities to set 
hypothesis, identify variables, design and conduct experiment as well as collecting data whereas students in control 
group did not have chances to do hand-on activity, instead they were assigned to read article about aggressive 
behavior of the fighting fish.  Thus, the control group students did not acquire those scientific process skills, 
resulting in very low scores (less than 40%).  This results in agreement with several studies reported that learning by 
- - 
- - - - 
- - - - 
- - - - 
- - - - 
- - - - 
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doing experiment helped students to acquire experimental skills (Kuhn, 1970; Pewnim, Ketpichainarong, Panijpan 
& Ruenwongsa, 2011; Sriwattanarothai, Jittam, Ruenwongsa & Panijpan, 2009).   
During exploration phase, students seemed to have problems in designing and conduction the experiment, this 
observation similar to the work of Pewnim, Ketpichainarong, Panijpan and Ruenwongsa (2011).  It is rather difficult 
for them to pose question and hypothesis.  With their positive perceptions toward hands-on activity, their enjoyable 
with live Siamese fighting fish experiment, and teacher guidance, students could complete their experiment and 
achieved high scores on experimental skills.  However various issues, i.e., students’ prior knowledge, students’ 
learning style, students’ learning process, number of students in the class, time limitation, etc. have to be concerned 
for successful implementation.  This learning unit should be repeated with another group of students in order to get 
more conclusive results.  Also implementation in a longer period, especially with younger students would be 
satisfied. 
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